Research on population aging in some developing regions is advancing theoretically, and the volume of studies is expanding; yet older adults in sub-Saharan Africa have been largely neglected in this effort. Much of the increased attention in other regions is motivated by projections showing that populations are changing from a younger to an older age structure, the result primarily of rapid and recent declines in fertility.
East Asia, Southeast Asia, and Latin America are prime examples. Hence, demographers and other social scientists have begun to deliberate upon the consequences of this trend for the societies in which older adults live (Martin and Kinsella 1994) . Key topics include the living situations of older adults, the changes in population health, and the prospect of social support for older adults. The current paper addresses the first of these topics directly for Africa and touches indirectly on the other two topics.
Although Africa's age structure is not primed for radical transformation in the near future, the region's population is aging at a significant pace. The current population of about 30 million people aged 60 and older living in sub-Saharan Africa is expected to double by 2025, while the proportion 60 and older is expected to rise from the current 4.8 percent to over 7 percent by 2050 (United Nations 2001). These increases are modest compared to those expected in East Asia, but will be more rapid in places now experiencing fertility decline. In Kenya, for instance, fertility rates have dropped from over eight births per woman to about four in just 30 years, and the decline is expected to continue.
There are only a little over 1 million adults aged 60 and older living in Kenya today, but this total is expected to increase fourfold to 4.5 million by 2040. Other countries experiencing or expected to experience rapid fertility decline and subsequent aging of their populations over the next several decades include Ghana, Nigeria, and Zimbabwe.
There is also growing concern that older people across Africa are being adversely affected by the AIDS epidemic (Barnett and Blaikie 1992; Hunter and Williamson 1998; National Research Council 1996; World Bank 2000) . Although unlikely to be infected themselves, older adults are a key group of survivors who are especially affected if an offspring suffers or dies from HIV/AIDS. When an offspring contracts HIV/AIDS, the older adult may become the caregiver of the infected child, and later the caregiver to orphaned grandchildren-circumstances that can create financial, health, and psychological burdens. According to Albert and Cattell (1994) , living arrangements of older adults in developing societies reflect lifetime strategies aimed at securing housing, material goods, and other items necessary to ensure physical and emotional well-being. An unwanted consequence of HIV/AIDS could be that at the time in life when older adults expect support from their family, they end up having to provide support to others instead and possibly have to sacrifice their own well-being.
Although these concerns are well-founded, there has been limited quantitative evidence of these effects in Africa. A team of researchers, led by John Knodel, has been in the forefront of documenting the effects of AIDS on older persons living in Thailand.
They have found that two-thirds of adults with AIDS coresided with or lived next to their parents and that a parent or older-generation relative cared for 70 percent of adults who eventually died from AIDS (Knodel, VanLandingham, Saengtienchai, and Im-em 2001) . They also documented financial burdens on the elderly as a result of caring for their sick children (Knodel, Saengthienchai, Im-em, and VanLandingham 2001) . Similar patterns were found in smaller studies from Africa. One study in Uganda and another in Zimbabwe found that terminally ill AIDS patients were often cared for by their parents and that this care can cause financial burdens, mostly associated with care of an ill adult and care of orphans (Ntozi and Nakayiwa 1999; World Health Organization 2002) .
The above-mentioned studies used generally purposeful and nonprobability sampling techniques and do not inform us about the living arrangements and well-being of the elderly in the population at large.
We know of two studies from sub-Saharan Africa that use population-based samples, neither of which showed the expected large negative effects of HIV/AIDS on the well-being of the elderly. A quantitative study from rural Tanzania assessed the impact of prime-age adult mortality on the body mass index (BMI) of people over age 50 (Ainsworth and Dayton 2003) . The authors found some effects on BMI, but BMI recovered over time, suggesting that the effects of the epidemic on the health of older adults may not be as severe as predicted. 1 The only study we know of that analyzed the effects of the AIDS epidemic on living arrangements used data from the Demographic and Health Survey in South Africa and found few if any effects over time of rising HIV/ AIDS rates on living arrangements (Merli and Palloni 2001) . No studies have made comparisons across countries with varying levels of AIDS infection.
The current study examines the living arrangements of older adults in East and West Africa, with specific reference to living with children and grandchildren. The analyses are meant to serve two main purposes. First, given a paucity of literature on older adults in sub-Saharan Africa, we provide some basic descriptive information on the types of households in which older adults in the region live. Rather than providing data from individual countries, our aim is to offer a broad view of the region as a whole.
Second, we examine how these arrangements are associated with indicators of the HIV/ AIDS epidemic, again maintaining a regional framework.
LIVING ARRANGEMENTS OF OLDER ADULTS

Living arrangements in developing countries
Throughout the developing world, the family is the key institution for older adults, and their living arrangements are a fundamental determinant of their well-being (Albert and Cattell 1994; Cowgill 1986; Knodel and Debavalya 1997) . The aged, much like the young, tend to require support for instrumental (i.e., functional) tasks such as cooking and shopping, as well as material and psychological support to ensure their survival, particularly when they no longer work for pay and begin to suffer from ailments that limit their dexterity and ability to carry out tasks necessary for daily survival. While not every older adult experiences a substantial decline in ability to function, the longer an individual lives, the greater is the chance he or she will require support. While support comes from a combination of public and private sources in developed countries, the family tends to be the cornerstone of social support in the developing world. This is particularly the case in places, such as sub-Saharan Africa, with weak institutional security mechanisms.
Much research on living arrangements has concentrated on individual-level determinants, which are important for explaining differences across groups and for forecasting future needs. A "modernization" perspective (Goode 1963; Levy 1966 ) is frequently employed as a framework for hypotheses regarding individual determinants of living arrangements (e.g., Aykan and Wolf 2000; Bongaarts and Zimmer 2002; Martin 1989; DeVos 1990 ). This approach assumes that living with adult children and grand-children would be more common in traditional agricultural societies and would become less common as development, industrialization, and division of labor occur. The reasons for smaller and less intricate household formations include changes in work, which becomes more dependent upon individual skill level rather than on the fortunes of the family; changes in employment opportunities, which occur with greater regularity in urban rather than rural areas; and changes in attitudes, the desire for independent living, and the subsequent movement to public instead of private support systems. Declines in fertility, also characteristic of a modernizing society, lead to smaller family sizes, creating another means through which households become smaller and less complex. As societies modernize, the knowledge that older adults possess and the resources that they have accumulated throughout life become less important for success of the younger generation. This decreases the older generation's ability to demand support from younger members of their family. Although countries in sub-Saharan Africa may be too similar to one another with respect to socioeconomic development to allow us to test for modernization's impact on a macro level, on an individual level one would expect elderly populations with more education and those living in urban areas to be more likely to live independently of children and grandchildren (DeVos 1990; Martin 1989 ).
While coresidence with children is common for older adults in the developing world and living alone is rare (Albert and Cattell 1994) , rapid reductions in coresidence between older adults and their adult children are occurring in Japan and South Korea, supporting the modernization perspective (Knodel and Debavalya 1997) . On the other hand, rapid socioeconomic development in much of Asia, for example in Taiwan, China, Thailand, and Singapore, has not led to major changes in coresidence patterns (Asis et al. 1995; Hermalin 1995) . Bongaarts and Zimmer (2002) , in their examination of 43 countries in Africa, Latin America, and Asia, found coresidence with an adult child to be least common in Africa and most common in Asia; within Africa coresidence was less common in sub-Saharan countries than in North Africa. This pattern occurs despite the fact that sub-Saharan Africa is the poorest region in the world. It is also uncertain whether rates of coresidence were ever very high in developed countries prior to industrialization, casting some doubt on the premises from which modernization theory is built (Nydegger 1983 (Andrews et al. 1986; Anh et al. 1997; Cameron 2000; Casterline et al. 1991; Chan 1997; DaVanzo and Chan 1994; Knodel and Chayovan 1997; Logan, Bian, and Bian 1998; Martin 1989; Natividad and Cruz 1997; Rajan, Mishra, and Sarma 1995; Zimmer and Kim 2001) . Several studies of this nature have also been conducted in Latin America (DeVos 1998 (DeVos , 1990 Palloni, DeVos, and Palaez 1999) . Higher education has consistently been found to be associated with lower rates of coresidence (DaVanzo and Chan 1994) , although living in urban rather than rural areas has been shown, fairly consistently, to be associated with coresidence with children (Andrews et al. 1986; Zimmer and Kim 2001) . With respect to other individuallevel determinants, Martin (1989) found that being married decreased the likelihood of coresidence with a child in Asia, while DeVos (1990) showed that it increased the chances for living in extended families in Latin America. As for gender, there may be an interaction with being unmarried. Unmarried women and married men are more likely to coreside with children than are married women and unmarried men (DeVos 1990; Logan, Bian, and Bian 1998) . Age has been found to be negatively or not significantly associated with coresidence (DeVos 1990; Martin 1989) Living arrangements in sub-Saharan Africa
Studies of living arrangements in sub-Saharan Africa are mostly concentrated in anthropological and ethnographic fields, and tend to be limited to one ethnic group living in a particular geographic area (Albert and Cattell 1994; Apt 1992; Cattell 1990; Hoddinott 1993; Peil 1985; Thomas 1995) . Two studies examine evidence for an entire country (Adamchak et al. 1991; Apt 1992) , and none includes comparisons between countries. Under these circumstances it is difficult to draw conclusions about national or regional patterns or to compare levels and determinants of living arrangements in Africa with other regions of the world. Among the characteristics that can be gleaned from this past work, older women are commonly described as living as dependents in multigenerational households headed by a son. Yet, widows can be heads of households. Older men are commonly described as being household heads living with children and one or more wives. A small proportion of older adults-usually less than 5 percent-are described as living alone.
Research from elsewhere in the developing world tends to emphasize the importance of coresidence between an older adult and an adult child. It is through this arrangement that transfers of material and other resources take place across generations (Palloni 2000) . Although coresidence with an adult child is no doubt critical for support of older adults in sub-Saharan Africa, living with grandchildren is also likely to be an important living arrangement. Unlike the tradition in Western families, where parents in nuclear families raise their children, the tradition in Africa is to live with extended families. We found no reports specifying the share of older adults living with grandchildren, although living in three-generation households is thought to be quite common (Albert and Cattell 1994 ). In addition, child fostering-that is, sending one or more children to live with someone other than the parents-is a practice common in Africa, particularly in West Africa. Many African children spend substantial portions of their childhood away from their parents (Lloyd and Desai 1992) . In many African societies, grandparents are the most common recipients of foster children.
Possible effects of the AIDS epidemic on living arrangements
It is widely believed that the AIDS epidemic has the potential to alter living arrangements and, in turn, the support mechanisms of older adults (VanLandingham, Knodel, Im-em, and Saengtienchai 2000) . Yet it is difficult to predict the extent of such alterations, since a health event of this magnitude has rarely been experienced. Merli and Palloni (2001) analysis has been done from the perspective of the older generation. On the basis of the preceding discussion, we suggest at least three ways in which AIDS could change the living situation of older adults. First, it could reduce the supply of adult children with whom to live, thus reducing the tendency to coreside with such children. Second, it might increase the supply of grandchildren who require support, thereby increasing the tendency of the elderly to coreside with grandchildren. Third, for those who live with grandchildren, the epidemic could change the balance from coresidence as a fostering arrangement to coresidence as a response to the death of the grandchildren's parents.
These types of changes clearly place added pressures on older adults with respect both to their own support and to the support they can provide for other family members.
Hypotheses
In light of the theory and the empirical evidence described above, we can formulate a number of expectations. First, we anticipate the prevalence of coresidence with children and grandchildren to be high in Africa, while we expect the incidence of living alone to be low. We hypothesize that age can have varying effects. Age will be positively associated with increased care needs, which can lead to a greater chance of coresidence with caretaking family members. But higher age also means that children of older adults are more likely to be married and to be living independently, thus decreasing the chances of coresidence. Because these children have children of their own, there may be a greater opportunity of living in three-generational families. We will examine and weigh these varying effects in our analysis. On the basis of research from elsewhere and of the tenets of modernization theory, we expect the elderly with more formal education and those living in urban areas to be less likely to live with children and grandchildren, as they are likely to have more control over resources and thus capable of greater independence.
We also anticipate associations between the extent of the AIDS epidemic within a given country and certain living arrangements. We expect that older adults living in countries with higher rates of AIDS deaths are less likely to live with their adult children but more likely to live with their grandchildren.
USING THE DHS TO STUDY OLDER ADULTS IN
SUB-SAHARAN AFRICA
In his presidential address to the Population Association of America, Albert
Hermalin cited the underused potential of representative-sample fertility surveys, which in the course of data collection document information on household members, for exploring living arrangement of older adults (Hermalin 1993 ). In the current study, we In general, DHS studies involve nationally representative samples, although in very few instances parts of countries may be omitted owing to practical considerations.
This normally eliminates no more than a small percentage of a country's population (Ayad, Barrere, and Otto 1997) . The main objective of the DHS is to collect information on the reproductive and health behavior of women aged 15-49. In order to identify these women, each DHS includes a household component that records, for each member living in the household, age, sex, relationship to head, education level, and residential status, and, for children, the presence and survival status of their parents. To ascertain the specific living arrangements of older adults, it is necessary to reconstruct the relationships using relationships to the household head as the index. 2 The DHS asks about who is in the household at the present time (de facto household residence) and who is in the household usually (de jure residence). We use the latter-usual residents-for our determination of household composition.
We begin by examining living arrangement distributions for persons 60 and older living in sub-Saharan Africa. Our primary concern here is whether an older adult lives with a child and/or a grandchild, relationships that are easily reconstructed from the DHS household roster. We then assess several determinants of living with children and grandchildren. By relying on the information provided by the DHS, we are limited in our determinants, which include the age of the older adult, his or her sex, marital status (proxied by living with a spouse), education, and whether the household is in a rural or urban area. For household members under age 15, most surveys ask about the survival status and living situation of the parents, that is, whether they are alive or dead and, if alive, whether they live in the household with their children or live elsewhere. This information provides the additional ability to categorize older adults who live with grandchildren as living with grandchildren who live with their own parents and, if without, whether this is due to a parent's death or due to the parent's being absent for other reasons. Where levels of HIV/AIDS are high, we would expect that living with a grandchild whose parents have died is more common and that, where this is more common, the reason could well be a high number of AIDS-related deaths. Therefore, using data from UNAIDS (1997), we categorize countries according to their AIDS death rate, that is, the number of deaths per 1,000 population in 1997 where the cause of death was AIDS-related, and we examine living arrangements across these categories. 3 We use death rates rather than prevalence rates since it is actual deaths that are most likely to influence the living arrangements of older adults.
Among the variables that would also be useful but are not available from the DHS are the number and proximity of children living outside the household, marital status of all family members (recorded in some but not all surveys), age and birth order of all living children, employment information, and other socio-demographic character-istics of household members. These limitations confine our analyses to certain specific living arrangements and basic demographic determinants. For most of our analysis, we pool the data from the 16 countries and report regional results. In the text that follows, we refer to the region as sub-Saharan Africa, although we acknowledge that our sample does not include countries from Central Africa or the country of South Africa.
It is difficult to divide these countries into meaningful categories of economic development. The GNP per capita (in US$) in these countries is very low, ranging from $110 in Ethiopia to $720 in Zimbabwe. All but two of the countries have a GNP per capita below $400. Given a relative lack of variation in levels of economic development, we do not test theories of modernization in the current study. AIDS-related mortality rates, on the other hand, vary considerably, allowing us to examine living arrangements across countries with different levels of HIV/AIDS. AIDS-related mortality is higher in East Africa. In 1997 there were more than 11 deaths per 1,000 population due to AIDS in Zambia and Zimbabwe and more than 7 in Uganda, rates that exert an influence on adult mortality. There was less than 1 death per 1,000 in Benin, Guinea, Madagascar, Mali, and Niger.
We define older adults as persons 60 and older. According to the sample characteristics reported in Table 1 , the average number of persons in the DHS sample aged 60
and older per country is about 2,000, and the total sample size exceeds 33,000. Although older adults make up only about 6 percent of the total population within the region, older adults are found frequently within individual households. About one in four households across the region contains an older adult, and this fraction is as high as 34 percent in Guinea and not lower than about 20 percent in any country. Since most of our analysis is conducted on a pooled sample of the 33,000 cases, data within countries are weighted to be nationally representative. Our study, for the most part, considers regional trends, and the pooled data are weighted so that the results are regionally representative.
4 Table 2 presents selected characteristics of older people living in each country.
The percent female among the elderly ranges from 59 percent in Togo to 46 percent in Mali and reflects differences in sex-specific mortality within countries. Men are much more likely to be living with a spouse, in part because of old-age mortality that favors women, the fact that men often marry younger women, and the tradition of polygamy in some cultures. Another stark difference between the sexes is the percent with schooling, which favors men at a greater than 2 to 1 ratio across the region. Levels of schooling are generally higher in East as compared with West Africa. spouse and one or more children is most common. About 9 percent of older adults live alone, a figure much higher than the 3 to 5 percent reported by Albert and Cattell (1994) .
RESULTS
Living arrangement levels and their determinants
There is great variation in these living arrangements by sex. Women are much more likely than men to live in extended households (almost 70 percent of women ver- sus about 43 percent of men). On the other hand, 38 percent of men live in a nuclear family with a spouse and one or more children, compared with about 7 percent of women.
One reason for this variation by sex is that women tend to live longer than men and may therefore have more grandchildren and in-law children with whom to live. Another possibility is that when the husband dies, a woman may need to move in with extended family for support. Indeed, we will see later in our regression analyses that living with a spouse substantially reduces the tendency of women to live with grandchildren. Finally, grandmothers, rather than grandfathers, may be seen as the more natural choice of individuals to assist in caring for grandchildren. At the same time, we see that 12 percent of older women in sub-Saharan Africa live alone, a proportion twice that of men. We can make some assessment of the sex preference of the child with whom older adults live by examining whether older adults live with sons-in-law or daughters-in-law. First, living with a son-in-law suggests that the older adult lives with an adult female child, while living with a daughter-in-law suggests an adult male child is in the household. Second, where married children live provides an indication of preference since married children may set up an independent household elsewhere, but single children may be more inclined to remain with their parents. Given our data limitations, we cannot account for situations where there is an in-law child but the adult child either is living elsewhere or is deceased. Nonetheless, we have fairly good evidence that males are greatly preferred. The proportion living with a daughter-in-law is about six times greater than the proportion living with a son-in-law. In this sense, sub-Saharan Africa is similar to much of Asia, where patrilineal living arrangements prevail (Mason 1992) . In patrilineal societies, males tend to control the primary resources and therefore can best financially support their elderly parents, while daughters-in-law care for their physical needs.
In addition, while men are more likely to be living with a child, women are more likely to be living with grandchildren, children-in-law, and in three-generation families.
Indeed, it is more common to see elderly females living with a grandchild than with their adult child. Although there are sex differences in the percent of older adults in subSaharan Africa who live with children, the ratios of living with male versus female children, and with sons-in-law versus daughters-in-law, are fairly similar. The preference for living with sons exists for both elderly men and elderly women. In We look first at the results for men. They indicate that individual characteristics are significantly associated with all three types of living arrangements. As men age, they are less likely to live with an adult child but more likely to live with grandchildren. As men become older, it is more likely that their adult children move away and form independent households, but they are also more likely to have grandchildren. Men are more likely to be living with either children or grandchildren if they are married or have some formal education. The education result is particularly interesting because it differs from results found in some other parts of the world (DaVanzo and Chan 1994; Martin 1989) and does not conform to modernization theory. These differences are likely a result of A notable difference in effects by sex is that, for men, living with children and grandchildren appears to be tied with living with a spouse, but for women the effect is either not significant or in the opposite direction. Clearly, women without a spouse are more dependent and may need to rely on extended family, thus they tend to live with grandchildren more often. Women may also be more helpful in the household, whereas men may rely on their spouse for domestic care. Men also are more likely to control resources and thus able to demand coresidence as a form of support. Nevertheless, the precise reasons for these associations are speculative since our data do not allow us to test for causal connections.
Our results thus far suggest that older adults in sub-Saharan Africa are found in a multitude of living arrangements with a variety of household members. Many older adults live in complex arrangements with extended family. Men are more likely to live with children, while women are more likely to live in other situations, including with grandchildren and alone. Our results do not support a modernization argument and they differ from results found in other parts of the world, particularly with respect to the effect of education, which in our DHS sample tends to increase the likelihood of coresidence. The elderly in rural areas are more likely to live with grandchildren but no children, and this indicates a higher degree of fostering-in rather than the influence of modernization.
Living with children and grandchildren according to level of HIV/AIDS
We now examine how the distributions of living with children and grandchildren differ across countries with higher and lower levels of HIV/AIDS. The 16 countries in our study fall into three distinct HIV/AIDS categories based on the number of HIV/ AIDS-related deaths per 1,000 population measured in 1997. We call the three groups low, high, and very high. The seven low HIV/AIDS countries had 1.3 or fewer deaths per 1,000 in 1997. The six countries defined as having high rates had between 3.8 and 4.9 deaths. Finally, three countries fall into the very high category: Uganda (7.7), Zambia (11.4), and Zimbabwe (11.7). Individuals living within each of the three groups are pooled, and results refer to all individuals within the grouping. Table 6 indicates the percent of older adults living with adult children, grandchildren under 15, and with grandchildren but no children, across these three country groupings. The tendency to live with an adult child is highest in countries with low levels of AIDS mortality. In contrast, living with a grandchild is most common in countries with very high levels of AIDS mortality. The proportion living with grandchildren under 15 but no adult children in the household is almost twice as high in countries with very high levels of HIV/AIDS (21 percent) as in countries with low or high levels. The differences across the three country groupings are all statistically significant. into low, high, and very high levels of HIV/AIDS. There is also a total column that combines the data from the 15 countries (i.e., the original 16 countries minus Burkina Faso). The absence of a parent of a grandchild could be due to one of two reasons. The parent may be living away from the household, or he or she may have died, possibly from AIDS. In our DHS data the whereabouts of the grandchild's parents are unknown, thus they may be either alive or dead.
The upper panel of Table 7 shows the results for all older adults, and the lower panel shows the results for older adults who live with grandchildren under the age of 15.
In the upper panel we see that 11 percent of all older adults in sub-Saharan Africa live in a household with a grandchild and both of the grandchild's parents. In the lower panel we see that of older adults who live with grandchildren, 27 percent live with a grandchild and both of the grandchild's parents. Since overall about 40 percent of older adults live with grandchildren (see Table 4 ), the figure in the upper panel will be about 40 percent of the figure in the lower panel. We should note that an older adult might live in more than one of these arrangements, and the results here are therefore not mutually exclusive. For instance, an older adult may live with one grandchild whose parents are both present as well as with another grandchild whose parents are both absent. It is also possible that there may be several grandchildren in the household whose parents are both absent. a HIV/AIDS Low (HIV/AIDS-related mortality rates of 1.3 per 1,000 or less): Madagascar, Benin, Ghana, Guinea, Mali, Niger, Nigeria; High (HIV/AIDS-related mortality rates between 3.8 and 4.9 per 1,000): Burkina Faso, Ethiopia, Kenya, Mozambique, Tanzania, Togo; Very high (HIV/AIDS-related mortality rates of 7.7 per 1,000 or higher): Uganda, Zambia, Zimbabwe. Table 7 also indicates that it is common for older adults in sub-Saharan Africa to live with grandchildren one or both of whose parents are absent. Looking at the first column, which shows results for all countries, 23 percent of older adults in sub-Saharan Africa live with a grandchild whose parents are both absent from the household. Of all older adults living with grandchildren, the total is 57 percent. It is more common for older adults to live with a grandchild whose parents are both absent than it is to live with a grandchild whose parents are present. This statistic alone provides evidence of the importance of grandparenting across sub-Saharan Africa. The most common reason for parents to be absent is that they are living elsewhere. Specifically, of all older adults, 28 percent live with a grandchild who has at least one parent living elsewhere. But mortality also explains some instances of parental absence from the households of older adults. About 8 percent of all older adults live with a grandchild who has a deceased parent; among older adults living with grandchildren, this figure is 20 percent. An additional 3 percent of all older adults live with a grandchild who has at least one parent with an unknown status.
The other three columns in Table 7 show the results by level of HIV/AIDS, as defined in Table 6 
Living with double-orphans
The results shown in Table 7 confirm, first, that in countries with high HIV/AIDS rates the grandchildren who live with older adults are quite likely to have parents living elsewhere, and second, that the absence of a parent can also be explained, to a lesser extent, by mortality. Although we might assume that the association between HIV/AIDS rates and the absence of a grandchild's parent or parents is explained by an AIDS-related death, this is still only an indirect speculation. One way of focusing more closely on the potential association with AIDS mortality is by looking at double-orphans, that is, grand-children whose parents are both deceased. Where the spread of HIV is mainly through heterosexual contact, as in sub-Saharan Africa, we would expect that the death of both parents is the result of AIDS due to the transmission of the HIV virus between the couple.
Therefore, we can expect that the probability of living with a double-orphan is higher for older adults in countries with high rates of HIV/AIDS.
For greater specificity, we change our analytical strategy here from looking at aggregate data to looking at data within individual countries. Figure 1 shows the number of double-orphans per 1,000 population within countries, determined using DHS data on parental survival, according to the country-level HIV/AIDS-related crude death rates reported in Table 1 . Because survival data are obtained in the DHS only for parents of Further analysis that we conducted but have not shown in tabular form indicates that about one-third of households with double-orphans have two double-orphans, but rarely are there more than two. In the three countries with very high HIV/AIDS-related mortality rates, about half of the households with double-orphans have more than one double-orphan present. These additional statistics suggest that those older adults who care for orphans are often likely to be caring for more than one at a time.
Some of the variation around the regression lines seen in Figures 1 and 2 may be a result of using HIV/AIDS-related mortality rates from one year (1997) rather than cumulative death rates (which are unavailable to us). For instance, the percent of older adults living with double-orphans in Uganda comes from the 1995 DHS survey. There may have been more double-orphans in Uganda in 1995 than would be predicted by the 1997 death rate if HIV/AIDS-related deaths were on the decline in Uganda. Similarly, because the Nigeria DHS was conducted after 1997, the overestimate of the number of double-orphans there could be the result of rising rates of HIV/AIDS-related mortality.
Nevertheless, the regression lines from both figures represent a strong relationship and one that is highly correlated (Pearson's r of .85 and .77 respectively.)
DISCUSSION
The growth in the number and proportion of older adults in sub-Saharan Africa coupled with an AIDS epidemic that adversely affects their welfare necessitates that more attention be paid to this segment of the region's population. In our study we found that older adults in the region are fairly likely to live in either nuclear or extended household arrangements. Men are more likely to be living in the former, and women in the latter. Although we were unable to investigate the reasons for these sex differences in detail, we suspect that women are more likely to be dependent on family support and to assume important household tasks, including child care. In total, 61 percent of older adults in sub-Saharan Africa live with a child and 43 percent live with a grandchild. On the basis of the sex of children-in-law living with older adults, we saw evidence of the preference for living with sons in coresidence arrangements. We examined some basic determinants of these arrangements and found differences by sex, difference from what has been seen in other parts of the world, particularly with respect to education of parents, and little support for the modernization perspective.
During the United Nations Second World Assembly on Ageing, held in Madrid in April 2002, much attention was directed to the potential of the HIV/AIDS pandemic for burdening older adults with care responsibilities. "At a time when it is more normal for adult children to look after their ageing parents, many older persons find themselves with the unexpected responsibility of caring for frail children or with the task of becoming sole parents to grandchildren" (United Nations 2002: 35). In the current study, we indeed found that older adults frequently live with grandchildren one or both of whose parents are absent. Some 13 percent of older adults in sub-Saharan Africa live with at least one grandchild but with none of their own adult children also in the household. We found that this tendency occurs with greater regularity in countries with high AIDS-related mortality. However, we also found that this situation, which implies a fostering arrangement, would exist with or without the AIDS epidemic, as a majority of the absent parents are alive but live elsewhere. This is a more common situation in rural areas, perhaps indicating that the parent has left to find work elsewhere. Nonetheless, we also found strong associations between AIDS-related mortality and the tendency for the elderly to live with grandchildren whose parents are deceased. About 18 percent of older adults in the three countries with very high AIDS mortalities (Uganda, Zimbabwe, and Zambia) live in a household containing an orphaned grandchild. An additional several percent live with grandchildren whose parents' whereabouts are unknown, indicating that they too may be deceased. We showed, too, that HIV/AIDS-related mortality rates are strongly associated with the share of older adults living with double-orphaned grandchildren.
The results suggest a complex set of associations between fostering as normative behavior within sub-Saharan African culture, rates of HIV/AIDS, and living arrangement patterns. For instance, where fostering is culturally accepted, adults are likely to leave their children with grandparents. They then migrate for work, and at the same time they may adopt sexual practices away from home that increase their likelihood of contracting HIV. This leads to higher AIDS-related mortality rates and in turn alters the availability of children and the long-term needs of grandchildren. But the current study,
given its cross-sectional nature, cannot fully establish these causal connections, and we caution that many confounding factors are likely involved. An example is level of education, which tends to be higher in countries with higher rates of HIV infection. Crosscountry analysis showed coresidence with children to be lower in countries with higher levels of education (Bongaarts and Zimmer 2002) . One reason for this is that employment opportunities that come with higher education tend to take people away from their place of birth. Higher education may be related to more liberal sexual practices, and perhaps migration itself is associated with sexual practices that put an individual at risk for HIV infection.
Although we believe it is likely that the AIDS epidemic is changing living arrangement patterns and the needs of older adults, the magnitude of these changes is also important to consider. The regression equations in Figures 1 and 2 With an expected population of older adults in the region reaching 38 million by the year 2020 (United Nations 2001), the latter estimate could represent several hundred thousand additional older adults living with a double-orphaned grandchild. These numbers will, of course, be dependent upon many other factors not accounted for in the current study, but they provide some indication of the magnitude of the problem.
Other circumstances, such as living in poverty and the migration of adult children from rural to urban areas, may affect the well-being and living arrangements of the older population to an even greater degree. At the same time, Africa's limited resources and the many competing needs of older adults necessitate the identification of those most critical for their survival and welfare. Awareness of the types of households in which older people live is a first step to understanding these needs. The results we provide here may be seen as a baseline from which to gauge the region as it undergoes change. Perhaps more importantly, there is a need to confirm, explain and ultimately expand on our findings. We identify three areas that would be especially useful. First, as more time passes and longitudinal data become available, it will be essential to assess how changes in AIDS-related mortality are associated with changes in living arrangements. As yet, adequate data are unavailable. For instance, for those countries in our study that have had more than one DHS survey, the time lapse between the two is too short-usually no longer than five or six years-and the number of countries that have had more than one survey is too small. 8 Further, AIDS-related mortality rates are not readily available for years before 1997. Second, an analysis that examines support mechanisms in more detail, and how AIDS-related mortality influences these, is needed. This will require detailed survey data that are representative of the population and contain information about individual, household, and community-level factors associated with living arrangements, intergenerational relations, and sources of formal and informal support. Finally, work is needed to expand the analysis beyond living arrangements to other measures of the wellbeing of the elderly. Such research can help to identify policies to mitigate the adverse effects of the AIDS epidemic and of other factors that unfavorably affect the lives of older adults in the region.
NOTES
The authors thank John Bongaarts for his comments on an earlier version of this
paper. An earlier version was presented at the Annual Meeting of the Gerontological Association of America, Boston, November 25, 2002. 1 BMI of persons older than age 50 declined in better-off households prior to an adult death and in households not receiving private assistance shortly after an adult death. However, BMI eventually recovered.
2 Such reconstruction is computationally time consuming and involves an intricate set of recodes; but in most cases the relationships are easily determined because the older adult is listed as head, spouse of head, or parent or parent-in-law of head. As such, determining whether an older adult lives with children and grandchildren is not difficult. Identifying other precise relationships, for instance aunts and uncles, may be more complex, but this information is not required for the current study.
3
We selected 1997 because it is the year closest to our survey years for which AIDS mortality data are available.
4
The DHS data are provided with individual weights that make cases representative of the national population. Since our focus is on region rather than country, we created an additional weight for each country that resulted in the number of cases being proportional to the number aged 60 and older living in the country at the time the DHS was conducted. This makes the data representative of the region, but it also gives high weight to countries with large populations (e.g., Nigeria) and low weight to countries with small populations (e.g., Togo). This is most suitable for our purpose, namely, to determine living arrangements generalized on the regional level; but an alternate weighting procedure, which would put more emphasis on country-specific results, gives equal weight to each individual in the pooled sample, a technique that makes each country equally important. All the procedures listed below were conducted using this alternate weighting procedure as well. The results are not shown because of space limitations, but they are available from the authors upon request.
5
The country effects are not shown owing to spatial limitations but may be requested from the authors.
6
In further analysis, not reported here but available from the authors upon request, these proportions were examined separately for men and women. The patterns are similar across the three levels of HIV/AIDS, although, as seen earlier, proportions living with adult child are higher for men, while proportions living with grandchildren and grandchildren without adult children are higher for women.
7
Further analysis, not shown in tabular form, indicates that the deceased parent is slightly more likely to be the father than the mother. For instance, among all older adults in sub-Saharan Africa, 4.2 percent live in a household with a grandchild whose mother is deceased, while 5.9 percent live in a household with a grandchild whose father is deceased. These further analyses are available from the authors upon request.
8
Longitudinal analyses based on available data over time were conducted for this study, but results were found to be inconclusive with respect to change and invalid owing to short time intervals between surveys.
